Computed tomography and magnetic resonance imaging (MRI) of the brain are diagnostic complements in the investigation of patients with psychiatric symptoms that may have an underlying organic brain disease. 1 The knowledge about the frequency and type of positive brain findings resulting from these undertakings is limited.
Brain pathologies in psychiatric disease
The prevalence of organic brain pathology is found to be increased in past studies in some psychiatric samples, 1 although others have not found the same in more recent studies. 2 Tumours, infarcts or encephalitis may present with psychiatric manifestations that vary widely across the neuropsychiatric spectrum, but organic pathology also commonly features in individuals with psychiatric disorders. Developmental brain abnormalities appear more commonly in genetic or toxic brain syndromes (e.g. schizophrenia, intellectual disability and foetal alcohol syndrome) and in children with developmental delay of unknown etiology. 3 White matter lesions (WMLs) are found in old-age depression 4 and occur in adolescent bipolar and unipolar depressive disorder. 5 
Study design of previous studies
Ideally, to obtain prevalence rates in the psychiatric population, screening of large population-based unselected samples at different ages should be undertaken. To our knowledge, there are no results available from large population-based studies of psychiatric populations, but there are results available from clinical psychiatric cohorts 6 and smaller population-based studies. 2, 7 There are two similar studies available, the first of which was carried out in 1994-1998, with 435 in-patients aged 16-65 years. 7 In this retrospective study, 7 the referral practice, outcome and predictive factors for abnormal scans were investigated. The authors had access to the medical files and 14.3% of the patients had abnormal scans. The second study included 656 patients with psychosis. 2 The radiological reports were studied and classified as either normal, non-relevant abnormalities or clinically relevant brain abnormalities. Clinically relevant pathology was found in 11.1% of the patients.
The structural brain changes commonly found in psychiatric or neuropsychiatric disorders are typically discrete and unspecific. There is a large overlap with brain structure variation found in healthy individuals, and such changes are not diagnostic in the individual patient. 8 Still, organic brain pathology can present with only psychiatric symptoms in a number of diseases including encephalitis, tumours, multiple sclerosis and neurosarcoidosis. 9 In clinical practice, psychiatric patients are therefore often referred for a brain computed tomography scan or MRI on wide indications.
We conducted a retrospective study of all clinical patients from the Division of Psychiatry at Stavanger University Hospital, Stavanger, Norway, referred for brain scanning within a 10-year period.
The aim of the study was to determine the frequency and type of organic brain pathology, and the relationship to age, gender and psychiatric diagnosis. To our knowledge, this kind of study has not been conducted previously. We hypothesised that patients referred from psychiatric clinics have a higher frequency of organic brain pathology than reports of healthy patients of similar age, and that frequency and type of brain pathology are related to psychiatric diagnosis and age.
Method Participants
We collected anonymised information from the radiology information system (RIS) from the only public hospital in the Stavanger region. The RIS is a computerised database used by the hospital's radiology department to store radiological data from all radiological examinations. All consecutive referrals from the Division of Psychiatry, Stavanger University Hospital, to either a computed tomography or MRI brain scan at the radiology department were included. The referrals included in-and out-patients from all clinics associated with the psychiatric division.
Data collection
A total of 3614 patients were referred over the 10-year study period and all referrals were included. Information on patients' age at the time of referral, gender, type of scan (computed tomography or MRI), cause of referral/indication, referral text, scan date and the written report by the radiologist was systematically collected. The written radiologist report was reviewed to determine the type of brain pathology.
Data flow
Out of the total number of 3614 referrals, 2922 patients completed a brain scan. For details on data flow see Supplementary Figure 1 , available at https://doi.org/10.1192/bjo.2018.16.
Referral categories
Referrals from the 2922 patients who completed a brain scan were then categorised into three groups by two specialists in radiology (T.O.D. and O.J.G.). The first group was routine referrals (n = 2563). The category 'routine' was used for patients where the referral text clearly expressed that the scan was scheduled as part of a work-up for psychiatric symptoms. In these referrals, no specific suspicion of brain pathologies was expressed by the referring physician. The second group was 'to exclude cerebral tumour' (n = 127). This category necessitated a clear clinical suspicion, or signs/symptoms of brain tumour in the referral text. The third group was 'specific clinical question' (n = 232), including follow-up examinations, e.g. after surgery, treatment of pituitary adenomas or post-trauma, as formulated by the referring physician. The categorisation of patients was done for consecutive referrals and all the referrals were included.
Age categories
The sample was divided into age decades to show changes with age.
Psychiatric diagnostic categories
The psychiatric diagnosis was assessed by an experienced specialist in clinical psychiatry (S.E.P.), who diagnosed each participant based on ICD-10 criteria, 10 with the information given in the electronic referral form. Fifteen different diagnostic categories were used; see Supplementary Table 1 for details.
Brain pathology categories
Brain pathologies were categorised as presented in Table 1 . The category 'other pathologies' includes post-operative changes, anomalies and changes secondary to trauma. It is common to rate incidental findings into significant abnormalities, requiring referral or not significant abnormalities as defined by Sommer et al. 2 The pathologic findings in this study were also rated as either clinically relevant or non-relevant, as has been done in several studies of incidental findings in healthy populations.
11 Clinically relevant scans are categorised as scans needing routine, urgent or immediate referral. Sommer et al. published lists of all radiological findings, which we used and then classified them as either not clinically relevant or clinically relevant according to that. 2 We evaluated occurrence of tumours in two of the referral categories: routine (n = 2563) or to exclude cerebral tumour (n = 127). Intracranial tumours were divided into intra-axial tumours, which are parenchymal tumours, whereas extra-axial tumours are outside the brain parenchyma but inside the skull, e.g. meningioma. 12 
Interrater reliability
Before the rating work was started, the radiologists went through several sessions of training. Interrater reliability was established with Cronbach's alpha for clinical indication and the reported brain pathologies. Reliability for indications had a Cronbach's alpha of 0.837, and reliability for pathologies had a Cronbach's alpha of 0.844. Both reliability analyses were found to be good (>0.8). 13 
Ethical permission
The Western Norway Regional Committee for Medical Research Ethics considered the study to be a quality assurance study regarding the use of computed tomography/MRI in psychiatric diseases and therefore it did not require ethical approval. All data were anonymised before we received them. The Privacy and Data Protection Officer in Stavanger University Hospital (Intern ID 2012/3) and the Southeastern regional health authority, Norway (2011/2460 C) approved the study.
Data analyses
We counted all reported pathologic brain findings in the population. In patients with multiple brain pathologies, we used the main pathologic finding. We divided the frequency of pathologies according to age groups, type of referral, one of three age groups, age decades and psychiatric category. To investigate the relationship between pathologies and diagnosis and pathologies and age, correlation analyses with Kendall rank correlation coefficient was used, and multiple regression analysis was performed with pathologies as the dependent variable and age, diagnosis, and age × diagnosis as predictors. Because of multicollinearity between diagnosis and age, we used centred variables for diagnosis and age. For all statistical analyses, we used IBM SPSS statistics (version 21.0, release 21.0.0.2). Significance level was defined as P < 0.05.
Results
Computed tomography and MRI scanning in the study period Table 1) .
Frequency of brain pathology in the whole sample
In the whole population (N = 2922), 34 .3% of scans demonstrated pathologic findings. 3.3% of all patients had two pathologic findings on their scans and 0.8% had more than two pathologic findings. After removing all referrals with a specific clinical question (n = 232) the overall percentage of pathologies was reduced to 31.7% (see Supplementary Table 2 ). In our study, 32.8% of reported pathologies were considered to be clinically relevant, whereas only 1.3% were not considered clinically relevant according to previous published categories. 2 
Frequency according to modality (computed tomography and MRI)
We looked at the percentage of pathologies found on computed tomography scans versus MRI scans. An interesting finding is that MRI was used more frequently to scan patients under 20 years of age, but after that, computed tomography was more commonly used for all ages. The highest ratio of computed tomography scanning versus MRI scanning was found in the oldest age group, where computed tomography was used 3.6 times as often as MRI. An overview of reported pathologies on computed tomography scans versus MRI scans are found in Table 2 . In general, it shows that pathologies such as WMLs and atrophy are more often reported in MRI scans than computed tomography scans. A total of 37% of patients scanned with MRI had clinically relevant pathologies, whereas patients scanned with computed tomography had 30% clinically relevant pathologies. This could imply that MRI is more likely than computed tomography to pick up clinically relevant pathology, which may alter the clinical follow-up and treatment of the patient.
Brain pathology in relation to psychiatric diagnosis
The most frequent overall pathology was WMLs, which was the most frequent pathology in the affective depression, affective bipolar, confusion/dementia, psychosis, ADHD, head trauma and other diagnosis categories. The second most common pathology was atrophy, which was also most frequently found in the confusion/dementia, psychosis and two depression groups. Note. In this table we summarise the percentage of pathologic findings in computed tomography and MRI scans for each age category and each type of pathology. All values are the percentage of pathology for computed tomography/MRI.
MRI, magnetic resonance imaging; WMLs, white matter lesions.
Infarcts were the third most common pathology, found most frequently in confusion/dementia, psychosis and affective depression. Of interest is the finding that more cysts were found in the psychosis group, with 1.9% of patients reporting with cysts as the main pathology. Ten out of 15 cysts were arachnoid cysts. Two females had pineal cysts, two patients had neuroepithelial cysts and two had other cysts. Table 1 presents an overview of the percentage of pathological findings in the different diagnostic categories, and Table 3 details the different pathologies in each diagnostic category.
Age and type of pathology was significantly correlated (r = −0.567, P < 0.001), as were diagnosis and pathology (r = 0.234, P < 0.001) and diagnosis and age (r = −0.504, P < 0.001). An interaction variable was calculated as the product of age × diagnosis. When using a regression model with age, diagnosis and the interaction variable as predictors, age (P < 0.001) and diagnosis (P = 0.016) were significantly associated with pathology, but the interaction variable was not significant (P = 0.078).
Brain pathology in relation to age
Mean age of the whole population was 44.1 years (range: 2-96 years). There were two age peaks with more patients scanned at age groups 14-20 years and 65-85 years. A total of 49% of participants were women (n = 1434). Before 30 years of age, over 90% of brain scans had no pathologies, whereas in the age group 91-100 years, only 17.4% were reported as negative scans.
WMLs were the most frequently found pathology, reported on 12.8% of all scans. Brain atrophy and brain infarcts were the second and third most prevalent pathologies. These pathologies increased with increasing age, except for the oldest age group where atrophy and infarcts were slightly less prevalent than in the age group 80-90 years, relative to the number of individuals in the group. Ventriculomegaly was found with increasing age, also in the oldest patients (age 91-100 years). Extra-axial tumours increased with age, whereas intra-axial tumours did not. Please see the distribution of pathological findings per age decade in Table 4 and Fig. 1 .
There were 29 tumours among patients referred for routine reasons (n = 2563) or to exclude brain tumour (n = 127). In the routine referrals group, we found 15 extra-axial (0.6%) and seven intra-axial tumours (0.3%). In the referrals to exclude brain tumour group, we found two extra-axial tumours (1.6%) and five intra-axial tumours (3.9%).
The occurrence of tumours varied from 0.2% of patients in the age group 11-20 years to 3.2% in the age group 61-70 years. The most frequent tumours were meningiomas (n = 16, age range: 43-85 years).
Discussion
The main finding of this study is that 32% of brain scans from a large, pre-selected clinical population referred from a psychiatric department demonstrated pathological findings. In a regression model, age and diagnosis were the factors most significantly associated with pathology. We found a significant correlation between both diagnosis and age for all types of pathologies, but in the multiple regression analysis, age was the most important parameter to explain increased pathologies in our cohort, and diagnosis was the second most important predictor. Sommer et al. also found age to be the best predictor of brain pathology in their study of patients with psychotic episodes, 2 although there was no significant effect of diagnosis on the distribution of pathologies, which is different from our results. However, Sommer et al. only studied patients with psychosis and had a smaller cohort, 2 which may explain the difference. In a large cohort study of psychosis patients at different illness stages by Lubman et al., 14 incidental findings were also found to be increased with age.
In patients younger than 20 years of age, the frequency of pathological findings was 7%, whereas another study of healthy youths by Gur et al. reported a frequency of 10% incidental findings. 15 In one study by Kim et al. of 225 healthy children, 21% of children volunteers had unexpected findings of which as many as 36% required routine referral for further evaluation. 11 It is surprising that we find lower frequency of pathologies in our cohort than in studies of healthy children. The discrepancy between these studies could be because of methodological differences, as one study 11 systematically reviewed the scans whereas we reviewed the radiology reports but not the images. Another possibility is that children with clinical/neurological symptoms in our hospital may have already been referred by paediatricians or other clinicians, and that the remaining children are referred from the division of psychiatry and will subsequently have lower frequency of pathologies.
In adults aged 18-65 years, we found an overall pathology of 21%, whereas in a study by Illes et al. 16 a prevalence of 15% in 151 apparently normal adult control participants was reported. In those aged above 65 years, we found 77% pathology in patients with a mean age of 77 years. The confusion/dementia group showed the highest percentage, with 77% pathological scans. The populationbased Rotterdam scan study found that WMLs, meningiomas and infarcts are more prevalent in the older age groups. 17 Illes et al. found that in research volunteers at a mean age of 75 years, 64% had pathological findings. 16 Overall, and as expected, our cohort demonstrated an increased frequency of pathologies compared 
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with results from published cohorts of apparently healthy volunteers and healthy elderly participants. We found that there are two age peaks in the referred patients, a younger age group (14-20 years) and an older age group (65-85 years). This bias in referrals may be caused by the debut of psychiatric symptoms and the need for diagnostic work-up in the younger age group, and perhaps by the need for a diagnostic work-up of memory problems and so forth in the older age group.
WMLs were the most common pathology overall, and it was the most common pathology in patients with depression, dementia and psychosis. Atrophy has been shown to be associated with psychosis. 18 Atrophy in several cortical regions (e.g. cingulum, prefrontal and temporal) has also been demonstrated in patients with depression. 19, 20 Numerous studies have shown associations between latelife depression and WMLs. 21 A recent review study found that WMLs are one of the main markers of vascular brain pathology. 22 Thus, both neurodegeneration and vascular pathology are associated with depression. In patients with first-episode psychosis, the rate of WMLs was equal to that of healthy control participants. 23 Few studies address the topic of WMLs in psychosis, but white matter deficits with diffusion tensor imaging has been shown both for mood disorders and psychosis. 24 In patients with psychosis, we found 1.9% had cysts as the main pathology. In the literature, five case reports are published on the topic of arachnoid cysts in patients with psychosis [25] [26] [27] [28] [29] , but there are no cohort studies showing increased prevalence of arachnoid cysts in psychosis. In the neuroradiologic textbook by Osborne, arachnoid cyst prevalence is reported to be 1-2%, indicating that our result does not represent an increased prevalence of arachnoid cysts in patients with psychosis.
In this study, we used the radiology reports to find and categorise the pathologies of the patients. This is a qualitative method, whereas many studies instead report quantitative results from analysing the actual images with volumetric methods, for example. From the literature, we have seen that both in bipolar disorder and schizophrenia, a higher incidence of ventriculomegaly and reduction in brain volume is reported. [30] [31] [32] Atrophy is also commonly found in patients with depression or psychosis. In our cohort, we have a low number of reports of ventriculomegaly in the bipolar and psychosis groups (Table 3 ). In bipolar disorder and schizophrenia, the volumetric changes may be subtle and heterogeneous 30 and not easily picked up by the radiologist's eye. Studies of volumetric changes in psychiatric patients tend to be group analyses, whereas we study changes in individual patients. In individual patients, it may be impossible to detect such small changes. In ventricular size, there is a large variation in normal values in individual patients in the elderly population and overlapping values with disease (e.g. Alzheimer's disease 33 ) and, to our knowledge, no good methods for visual assessment of ventricular enlargement in the adult population. This may explain the few reports of ventricular enlargement in patients with bipolar and patients with psychosis in our cohort.
However, in the diagnostic group of participants with the diagnosis confusion/dementia, we found higher reporting of atrophy than in the two abovementioned diagnostic groups. These patients tend to be older and one expects more atrophy in this group. This might have influenced the reporting. There are validated scales discerning changes related to normal aging versus changes such as atrophy that exceed what is expected for ageing, as described in the website Radiology Assistant (http://www.radiologyassistant.nl/ en/p43dbf6d16f98d/dementia-role-of-mri.html). In this article we have not reviewed the images, just the written reports, so we only had to register the pathology that was reported.
Characterisation into clinically relevant versus non-clinically relevant pathologies showed that 32.8% of our patients had clinically relevant pathologies, a result mainly driven by increased pathologies in the older age groups. Patients with psychosis had 14% clinically relevant pathologies, whereas patients with dementia had 75% clinically relevant pathologies. In a new publication from the population-based Nord-Trøndelag Health (HUNT) Study, Haberg et al. found 15.1% clinically relevant findings in a cohort of 1006 participants from the general population aged 50-66 years. 34 Another MRI study of patients who presented with a psychotic episode (mean age of 31 years) reported 11.1% clinically relevant pathology. 2 The most frequently reported pathology in our cohort was WMLs. WMLs are known to increase with increasing age, but they are also associated with medical conditions like dementia, 35 depression 36 and cerebrovascular disease. 37 Neoplasms are potential causes of organic psychosis. The overall frequency (1.1%) of neoplasms was higher in this selected clinical psychiatric population than reported in asymptomatic volunteers (0.7%). 38 The frequency of intra-axial tumours in this study was much higher in the group referred to exclude tumour (3.9%) than in the group referred for routine scanning (0.3%). The frequency of intra-axial tumours in the routine referral group is comparable with the frequency found by Katzman et al. 39 (0.2%) and Mueller et al. 7 The clinical referral indication to exclude a brain tumour made it more likely to find a tumour, showing that the clinician makes a good distinction between the two indication types, and routine referrals for detection of brain tumours is not indicated.
During the 10-year study period, there was an increase in the number of referrals for brain scanning of patients from the division of psychiatry, and the number of MRI scans increased relative to computed tomography scans. Possible explanations for this are that there are more patients at psychiatric departments. This has been the case in another part of Norway in our study period. 40 In our opinion, it is not unlikely that the development is also similar in Stavanger. The practice of referring patients with psychiatric disorders to brain scanning may also have changed either because of increased availability, 41 generally more use of computed tomography scanning and MRI or the Norwegian guidelines recommending MRI early in the diagnostic work-up both in children and adults with psychosis. 42 In contrast, the UK 2008 National Institute for Health and Care Excellence guidelines for psychosis and schizophrenia do not recommend routine scanning of patients with first episode of psychosis. 43 We cannot conclude from this study which strategy is recommendable regarding routine referral of patients or not. Limited time for diagnostic work-up and time for observation in the hospital being replaced more and more by out-patient care may warrant such scanning to ensure correct diagnosis.
Among the study limitations were that we did not review the images but relied on the radiological report, as in a clinical setting. Our results are based on the quality of reporting on patient groups not included in a randomised study and are thus naturalistic. We do not know how the referring psychiatrist handled the pathological findings in these scans. Often, very little text was provided from the referring doctor about the clinical symptoms and findings. The categorisation of patients into different psychiatric diagnoses was done with limited clinical information available and is thus more uncertain than in a normal setting. Finally, we based our results only on the patients who were referred for scanning, however some patients may have not been referred, some did not come to their appointments and some did not manage to complete their scanning. This could introduce a bias in our results. A previous study by Mueller et al. 7 showed that only 5% of psychiatric in-patients received a brain scan. Because our numbers are reported from both in-and out-patients, the percentage of referrals to imaging may be lower than the reported 5%. The rate of referral may also be higher than 5% because Norwegian guidelines recommend imaging in the diagnostic work-up.
Among the strengths of the study is the large number of both in-and out-patients from all clinics associated with the psychiatric division, investigated over a period of 10 years. Patients referred to a brain scan in the Stavanger region will preferably be referred to the radiology department, thus we believe that most of the patients from this area are included in our study, which makes it a representative cohort. We included all ages in our study, and as it is based on recent data, it is representative of current practice. The only similar imaging study was conducted in 1994-1998, with psychiatric inpatients aged 16-65 years, and a smaller cohort. 7 The practice of referring patients to brain scanning resulted in over 30% positive results. In children and young adults, 7% of scans had pathologic findings. This is lower than some reports on prevalence numbers of apparently healthy children. On the other hand, any positive scan may justify a liberal referral for brain scanning from a clinician's point of view. This is a topic that should be discussed further, and prospective studies may be needed to evaluate the indication for routine scanning in the youngest patients.
For adults and the elderly, the prevalence in our sample is increased compared with what has been reported in healthy populations and asymptomatic volunteers. From our results, routine scanning does not appear to reveal a higher prevalence of tumours than in the normal population, whereas clinical suspicion leads to detection of tumours at a higher rate.
Psychiatric patients are a group that may profit from better diagnostics and treatment of comorbid diseases. The lifespan of people with severe mental illness is shorter compared with the general population, 44 with many illnesses such as schizophrenia showing high rates of cardiovascular morbidity and 10-25 years lower life expectancy. 45 Increased awareness of WMLs or other brain pathologies secondary to brain scanning may lead to better diagnostic follow-up and treatment of comorbid disease in patients with a psychiatric disorder.
To conclude, although there is little pathology in the youngest age groups, the practice of MRI of the brain should at least be considered especially if there are specific neurological symptoms. For the adults and the elderly, we find increased pathologies compared with previous reports in healthy cohorts of the same age. Especially in the four groups affective depression, affective bipolar, confusion/ dementia and psychosis groups, more pathology is found than in the other diagnostic groups. These pathologies may lead to awareness and follow-up of comorbid diseases that might lead to increased life expectancy in the future. The use of MRI leads to less radiation to the patients and in most cases, better details of the pathology that exists. Further, we find an increased percentage of clinically relevant pathology in patients who had an MRI scan (37%) compared with those who had computed tomography scans (30%), which favours MRI scanning. If MRI is unavailable or impossible to perform, a brain computed tomography scan can be valuable.
Our study confirms the usefulness of having access to brain imaging in clinical psychiatry. Prospective studies to follow the clinical consequences of scanning and evaluating cost versus benefit of liberal versus strict referral practice are indicated.
